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Plate Heat Exchanger 



The present invention relates to a plate heat exchanger adapted to exchange heat between at 
least one high temperature fluid and at least one cooling fluid comprising a plurality of 
stacked heat exchanger plates, each of which comprising: (a) an inlet opening for the high 
temperature fluid, (b) an outlet opening for a cooling fluid, (c) an outlet opening for said high 
temperature fluid and (d) an inlet opening for the cooling fluid, the stacked heat exchanger 
plates hmiting channels for at least two heat exchanging fluids, and in which pairs of plates 
limiting channels for a cooling fluid are soldered together along contact areas to form flanges 
extending into the inlet of the flow of high temperature fluid. 

The said high temperature fluid may be a gas flow generated by combustion of a fuel such as 
oil or natural gas, and the cooling fluid may be a flow of water used for heating dwelling 
houses. It is certainly desired to design the heat exchanger as small as possible and at a low 
manufacturing cost. This may be obt 



of heating gas at a very high temperature. 

A limit of the temperature of the hot gases used is set e.g. by the use of soldering material for 
interconnecting adjacent heat exchanger plates around port holes through which the hot gases 
are passed. The soldering material - often copper or nickel - is liable to fatigue when exposed 
to rapidly changing temperatures i.e. exposed to high temperature gradients. Even the material 
used in the heat exchanger plates - generally steel - is liable to fatigue when exposed to large 
and rapid variations in temperatures. Therefore, the life of the exchanger will generally 
decrease with increasing temperature of the high temperature fluid passing the exchanger. 

The object of the present invention is to design a plate heat exchanger of the type referred to 
above in which the maximum temperature gradients of the material in the exchanger may be 
substantially reduced and in which the life of the exchanger may be substantially prolonged. 

According to the present invention this is obtained thereby that two separate channels for a 
cooling fluid are provided adjacent to said contact areas forming a flange extending into the 
flow of said high temperature fluid passing through the inlet opening, the said two separate 



channels for the cooling fluid being provided with a common inlet and with a common outlet, 
the said common inlet being located at a higher flow pressure position than that of the said 
common outlet, one of the said channels being partly limited by a pressed ridge in one of the 
said plates forming said pairs of plates limiting channels for the cooling fluid, the said pressed 
ridge being adapted to contact a corresponding ridge on the other plate in said pair of plates, 
the said one channel adjacent to the said pressed ridge having less height than the said pressed 
ridge. 

Thus it is ensured that a steady flow of cooling medium will be passed between the plates 
which are interconnected by soldering along areas bordering the inlet openings in the plates 
for the high temperature flow, said flow of cooling medium being close to the soldered joints 
and to the plate material exposed to maximum temperature gradients in the exchanger. 

The invention will be described in more detail reference being made to the accompanying 
drawing in which 

Figure 1 schematically and in plan view shows a plate of a prior art heat exchanger adapted to 
heat cold water by hot combustion gases. 

Figure 2 schematically and in plan view shows a plate of a heat exchanger according to the 
present inventioa 

Figure 3 schematically and in plan view shows a heat exchanging plate adapted to be placed 
on top of a plate of the type shown in Figure 2 in a heat exchanger according to the present 

« 

invention, 

■ 

Figure 4 shows a vertical section through a heat exchanger according to the present invention 
said section being taken along the lines X-X in figures 2 and 3. 

Figure 5 as an exploded view shows flow defining plates as those shown in Figure 4. 



Figure 6 is a plan view of a heat exchanger plate of a three-circuit heat exchanger 
corresponding to the plate shown in Figure 1 . 



Figure 7 is a plan view of a heat exchanger plate of a three-circuit heat exchanger according to 
the invention showing how the cooling of plate flanges in the inlet for a hot fluid may be 
improved relative the embodiment of Figure 6. 

Figure 8 is a plan view of a heat exchanger plate of a three-circuit heat exchanger having a 
central inlet for a heating fluid. 

Figure 9 is a plan view of a heat exchanger plate of a three-circuit heat exchanger according to 
the invention showing how the cooling of plate flanges in the inlet for a hot fluid may be 
improved relative the embodiment of Figure 8. 

Figure 10 is a plan view of a heat exchanger plate of a three-circuit heat exchanger in which 
heat is exchanged between one cooling fluid and two heating fluids. 

Figure 1 1 is a plan view of a heat exchanger plate of a three-circuit heat exchanger according 
to the invention showing how the cooling of plate flanges in the inlets for two heating fluids 
may be improved relative the embodiment of Figure 10. 

Figure 12 is a vertical section along the line Y-Y in Figure 1 1 . 

A known heat exchanger plate 1 shown in Figure 1 is provided with a pressed chevron pattern 
of ridges and depressions - schematically shown and designated by 2. The plate 1 is shown 
from above and the upper side is adapted to limit a flow of cooling water, whereas its other 
side is adapted to limit a flow of a hot gas, e.g. having a temperature of 1300°C. The plate 1 is 
provided with four holes 3-6, the hole 3 being an inlet for the high temperature fluid, the hole 
4 being an outlet for the cooling water, the hole 5 being an outlet for the high temperature 
fluid and the hole 6 being an inlet for the cooling water. 
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The flow of cooling water along the plate 1 has been indicated by a plurality of arrows 7 and 8 
- the larger arrows 7 indicating directions of a greater mass flow, whereas the arrows 8 
indicate the direction of a substantially minor mass flow. The hole 3 is limited by a circular 
edge 9 of the plate 1 which has been soldered to an adjacent heat exchanger plate - not shown 
in Figure 1 - along a ring shaped area 10 between the edge 9 and a line 1 1 bordering a comer 
13 of the plate 1. The ring shaped area 10 of the two plates soldered together will form a 
flange which on both sides are contacted by hot gases and cooled by conducting heat to 
adjacent plate parts exposed to cooling water. 

However, the flow of cooling water is very slow along a part 12 of the plate 1 - shown by 
hatching in Figure 1. Therefore, the soldering material - copper or nickel - used to 
interconnect the plates at the area 10 and the plate material in the area 10 will reach such high 
temperature exceeding the limit set by the soldering material and often in connection with a 
high temperature gradient in the material of the heat exchanger plates. This may cause fatigue 
of material and thus substantially reduce the life time of the heat exchanger. 

The Figures 2 and 3 show how this drawback may be avoided to a large extent by using a 
design according to the present invention. 

Figure 2 shows a heat exchanger plate 21 to be used in a heat exchanger according to the 
present invention. Corresponding details and features already shown in Figure 1 have been 
provided with corresponding reference numbers. The plate 21 is shown from above and the 
cooling water is passing on its upper side while the hot gas is flowing along its lower side. A 
ridge 22 formed as a part of a ring has been pressed upwardly to the level of the tops of the 
ridges 2. The top of said ridge 22 contacts the top of a corresponding ridge in an adjacent 
plate - explained below with reference to Figure 3 - and limits a separate channel 23 located 
between the ridge 22 and the said flange at a part of the ring shaped area 10. As shown in 
. Figure 2 the channel 23 has an inlet 24 remote from the outlet opening 4 for the flow of 
cooling water and ah outlet 25 near said outlet opening 4. A part of the flow of cooling water 
entering the inlet 24 of the channel 23 will pass through a channel 26 between said flange at a 
part of the ring shaped area 10 and the adjacent comer 13 of the plate 21. It will be understood 



that the pressure of the cooling fluid at the position of the inlet 24 will be higher than that of 
the outlet 25, thus ensuring a flow through the channels 23 and 26. 

Figure 3 shows a heat exchanger plate 31 to be placed on the top of the plate 21 shown in 
Figure 2. Figure 3 shows the plate 31 from above and the cooling water will pass along its 
lower side. As is common practice in the art the chevron pattern 2 of the plate 31 is directed 
opposite to that of the plate of Figure 2. The ridge having shape as a part of a ring and 
mentioned above has been designated by 32 and is downwardly pressed to contact the top of 
the ridge 22 shown in Figure 2. The two curved ridges 22 and 32 will, therefore, together limit 
the channel 23. The channel inlet 24 and the channel outlet 25 are shown again in Figure 3. 

Figure 4 is a vertical section through a heat exchanger according to the invention - the section 
being taken along the lines X-X in Figures 2 and 3. The exchanger shown has ten channel 
forming plates of thin metal plate soldered together at areas and points where they are 
contacting each other. As shown in Figure 4 the exchanger is provided with heavier end plates 
- an upper end plate 101 and a lower end plate 102. The upper end plate 101 carries fittings 
103, 104 for connections to a source for providing the hot gas flow respectively for draining 
heated cooling water. The reference numerals 105 and 106 are used for distance rings. The 
heat exchanging flows are provided with different hatchings. 

It will be understood that the channels 23 arid 26 for cooling water will be located near 
soldered connections and plate parts exposed to flow of hot gas, e.g. the flanges formed by the 
ring shaped areas 10 of the channel forming plates and thus lower the maximum temperature 
of the soldering material and the material in the flanges. 

It should also be understood that the height of the channels 23 and 26 established by 
depressions in the plates near the area 10 should be less than the height of the ridges 22 or the 
depressions 32 in order not to block the flow of high temperature medium 

Figure 5 shows separately and drawn apart some of the channel forming plates of Figure 4. 
The plates having the shape corresponding to the plate shown in Figure 2 have been marked A 
and the plates corresponding to those of Figure 3 are marked B. The height of a curved ridge 



22 of the plate type A and of the corresponding curved depression 32 of a plate type B should 
be equal to the height of a ridge of the chevron pattern 2 of the plates. The flows of hot gas 
and of cooling water have been shown with double respectively with single arrows. 

It will be understood that the device described above and shown in the figures 2-5 may be 
used for other heat exchanging purposes than boilers for heating dwelling houses. It may be 
used advantageously for any application in which one of the heat exchanging flows is a hot 
fluid having such high temperature that it might be detrimental to materials located near port 
holes entered by the hot fluid. 

The figures 2-5 show the invention being applied to a two-circuit heat exchanger. Figure 6 
shows the problem of cooling the plate flanges extending into an inlet opening for a hot fluid 
used in a three-circuit heat exchanger. A known exchanger of this type has been described e. 
g. in the U.S. Patent No. 6,305,466. In this type of exchanger a heating fluid is cooled by two 
separate low temperature fluids. Each of the two cooling flows is limited by pairs of plates 
interconnected by soldering around port holes for the heating fluid and forming flanges 
extending into the port holes for the heating fluid. Normally the inlet and the outlet for the 
heating fluid is arranged between the outlets resp. the inlets for the two cooling fluids. It will 
be understood that the flow of cooling fluid between its inlet 6 and its outlet 4 will be rather 
slow in the area indicated by hatching. 

As shown in Figure 7 separate channels 23 and 26 having common inlets and outlets 24 resp. 
25 may be provided and partly limited by a ridges 22. Thus the cooling of the plate area 10 
forming flanges extending into the inlet port 3 of the hot fluid will be improved in a way 
similar to the cooling referred to above in connection with the explanation of the Figures 2-5. 
The area designated by 27 is a plate area pressed to the height of the ridge 22. It should be 
noted that the area 27 need not be specially cooled. 

Figure 8 shows a plate of a three-circuit heat exchanger in which a heating flow having a 
central inlet port 3 and two outlet ports 5a and 5b is exchanging heat with two cooling flows 
having inlets 6, 6* and outlets 4, 4*. The cooling flow will be rather poor along the hatched 
areas in Figure 8. 



As shown in Figure 9 the cooling flow could be improved around the inlet 3 of the heating 
fluid by providing channels 23 and 26 having a common inlet 24 and a common outlet 25 and 
being partly limited by ridges 22 and 22' . 



three-circuit 



ri£Uic» IV suuwo m» — a 

heat exchanger having a single cooling fluid for cooling two heating fluids. The hatched areas 
shown in Figure 10 indicate areas with poor cooling due to low velocity of the cooling fluid. 

Figure 1 1 shows how the cooling could be improved in a manner similar to that of the 
previous described embodiments of the invention. Similar features have been provided with 
corresponding reference numerals. For better understanding Figure 12 shows a vertical 
section along the line Y-Y of Figure 11. 

In Figure 12 each of the two heating fluids as well as the single cooling fluid are provided 
with a special hatching. The channels 23 and 26 are close to the flanges 10. Each flange 
consists of four plate parts soldered together. 
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1 A plate heat exchanger adapted to exchange heat between at least one high 

temperature fluid and at least one cooling fluid comprising a plurality of stacked heat 
exchanger plates (21, 31) each of which comprising: (a) an inlet opening (3) for the high 
temperature fluid, (b) an outlet opening (4) for a cooling fluid (c) an outlet opening (5) for the 
high temperature fluid and (d) an inlet opening (6) for the cooling fluid, the stacked heat 
exchanger plates limiting channels for at least two heat exchanging fluids, and in which pairs 
of plates limiting channels for a cooling fluid are soldered together along contact areas (10) to 
form flanges extending into the inlet of the flow of high temperature fluid, 
characterised in that two separate channels (23, 26) for a cooling fluid are provided 
adjacent to said contact areas (10) forming a flange extending into the flow of said high 
temperature fluid passing through the inlet opening (3), the said two separate channels (23, 
26) for the cooling fluid being provided with a common inlet (24), and with a common outlet 
(25), the said common inlet (24) being located at a higher flow pressure position than that of 
the said common outlet (25), one (23) of the said channels (23, 26) being partly limited by a 
pressed ridge (22) in one (21) of the said plates (21, 31) forming said pairs of plates Umiting 
channels for the cooling fluid, the said pressed ridge (22) being adapted to contact a 
corresponding ridge (32) on the other plate (31) in said pair (21, 31) of plates, the said one 
channel (23) adjacent to the said pressed ridge (22) having less height than the said pressed 
ridge (22). 

2 A plate heat exchanger according to claim 1, 

characterised in that in each heat exchanger plate the said inlet opening (3) for the 
said flow of high temperature fluid is of larger area than that of the outlet opening (5) for said 
high temperature fluid. 

■ 

3 . A plate heat exchanger according to claim 1 or 2, 

characterisedinthatitis adapted for a gas as said high temperature fluid. 



4. A plate heat exchanger according to any of the claims 1-3, 
characterised in that each heat exchanger plate is of generally rectangular shape and 
that the inlets and outlet openings (3-6) for the heat exchanging fluids are placed near the 

* 

comers thereof 

5. A plate heat exchanger according to claim 1, 
characterised in that it is designed for three heat exchanging fluids: 

(i) one heating, high temperature fluid and 

(ii) two cooling fluids. (Figure 7). 

6. A plate heat exchanger according to claim 5, characterised in that the inlet (3) of 
the heating fluid has been placed remote from the inlet (6) and from the outlet (4) for one of 
the two cooling fluids, (Fig. 9). 

7. A plate heat exchanger according to claim 1, characterisedin that it has been 
designed for three heat exchanging fluids: (i) two heating fluids and (ii) one cooling fluid, the 
inlet (3, 3') and the outlet (5, 5') openings for the heating fluids being placed on both sides of 
the openings (4, 6) for the cooling fluid. (Fig. 1 1) 



Abstract of the Disclosure 
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A plate heat exchanger comprising plates (21, 31) interconnected by soldering and adapted to 
exchange heat between a high and a low temperature fluid may be designed to improve the 
cooling of the parts of the plates located near inlets (3) for the high temperature fluid by 
providing separate fluid channels (23, 26) in pairs of plates (21, 31) guiding low temperature 
fluid, said separate channels (23; 26) at least partly surrounding said inlets (3) for the high 
temperature fluid. 
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Figure 4 





Fig. 3 




x-x 




* - • 



Fig. A- 




Fig. 6 




Fig. 10 



_ 1 * 

k - 1 



* » 



Y-Y 




Fig. 12 



• • • 



♦ 
* 



» - * 
• • ■ 



» * 

« a 



» • 



Document made available under the 
Patent Cooperation Treaty (PCT) 

International application number: PCT/SE04/001714 

International filing date: 24 November 2004 (24.11.2004) 

Document type: Certified copy of priority document 

Document details: Country/Office: SE 

Number: 03 03307-3 

Filing date: 10 December 2003 (10.12.2003) 



Date of receipt at the International Bureau: 07 December 2004 (07.12.2004) 



Remark: Priority document submitted or transmitted to the International Bureau in 

compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LINES OR MARKS ON ORIGINAL DOCUMENT 



